Submillimeter imaging of high-excitation molecular rotational lines provides a powerful probe of the dust formation and acceleration region (R ≤ 5 × 10 16 cm) in the extreme carbon-rich star IRC+10216. We present Submillimeter Array (SMA) observations of several rotational lines of SiCC from our 345 and 400 GHz spectral-line surveys, showing a progression from rectangular to narrow triangular line-profiles, and spatially extended to point-like unresolved emission, as a function of increasing energy E u . Maps of SiC and SiN emission show asymmetrical extended shell-like structures. These results are compared with published chemical model calculations of the radial abundances of molecules believed to be relevant for dust formation.
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Introduction & motivation
Interstellar dust grains are thought to evolve in the colder regions of space from the gas and solids present in the outflows from Asymptotic Giant Branch (AGB) stars. IRC+10216 is an ideal source to study the physical and chemical processes that occur in the circumstellar envelopes of carbon-rich AGB stars, because it is close to the Sun (∼150 pc), the mass loss is high, and it is very rich in molecules. Spectral line-surveys allow us to identify new molecules, and from multiple transitions of the same molecule, we can also infer the physical conditions of the circumstellar gas. Direct observation of small metal bearing molecules in the inner envelope of AGB stars is becoming feasible with sensitive interferometers in the submillimeter band [1, 2] . These recent studies show that higher excitation submillimeter wavelength rotational lines are powerful probes, particularly with interferometry, of the inner envelope of IRC+10216 in the regions of dust formation and acceleration of the outflow.
Silicon carbide and silicon nitride in IRC+10216
Silicon carbide is a well known constituent of solid particles in circumstellar envelopes. Presolar SiC grains found in meteorites are believed to have originated in carbon stars [3, 4] . Chemical equilibrium calculations on the production of these molecules have been carried out in the last few decades [5] and also more recently [6, 7] . But very little is known from observations about the spatial distribution of SiC in gas phase.
Two successive rotational transitions of SiC at 315 and 354 GHz were observed in the ground 3 Π 2 fine structure component with the SMA [1] . Prior to this, lines of gaseous SiC in the 3 Π ground electronic state were observed in the 157-283 GHz range with single antennas [8, 9, 10] , at low angular resolution of typically 10 −30 . Figure 1 shows the SiC spectrum and map of the 315 GHz line observed with the SMA at 3 resolution. In spectra observed both with single antennas and the SMA, the line profiles are very narrow with distinct horns, where we find that the FWHM ∼2.5 km s −1 and V exp = 12.8 km s −1 is close to the terminal velocity. The flux observed with the SMA (1.2 Jy km s −1 at 315 GHz, and 1.4 Jy km s −1 at 354 GHz) is comparable to that observed in transitions at a slightly lower frequency of 275.7 GHz with the 10 m ARO antenna (27 diameter beam [10] ). Although the flux is not very high, there is no evidence for SiC in the dust formation zone within a few arcsec of the star as Figure 1 shows. Cernicharo et al. [8] concluded on the basis of the line profile shapes that SiC is confined to the outer envelope with an estimated column density of 6 × 10 13 cm −2 averaged over their 17 diameter antenna beam. Our derived column density of 2.4 × 10 13 cm −2 is comparable to this original estimate, but the fractional abundance (w.r.t. H 2 ) of 1.5 ×10 −9 is significantly higher than chemical model predictions [6] and the calculated radial distribution of SiC [11] is not consistent with our measurements which establish that the gaseous SiC is about ten times closer to the star. However, similar maps of lower excitation lines are needed to confirm this. Results for SiN are similar, as shown in Figure 2 . The channel maps confirm that the emission arises from an expanding shell. We estimate the column density for SiN ∼ 3.2 × 10 13 cm −2 and fractional abundance of 2.0 × 10 −9 , with T ex ∼ 40 K. Our SiN column density is in good agreement with the value quoted by Turner in his detection paper [12] .
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Dust formation zone in IRC+10216 In the past couple of years, we have measured many lines of SiCC in IRC+10216 in the 345 GHz and 400 GHz bands at high angular resolution with the SMA [1, 13] . Of the 4 silicon carbides observed with radio telescopes (SiC, SiCC, cyclic SiC 3 , and SiC 4 ), only SiCC is observed in the inner envelope of IRC+10216 (the other 3 are in shells ≥ 4 from the star). The measured line widths confirm that we are directly observing SiCC in the dust condensation region close to the star. The line profiles change from rectangular to narrow triangular shape with increasing E u . The expansion velocities derived from the line widths are plotted vs E u in Figure 3 , showing a transition at ∼ 500 K.
Salts and metal halides
Spectra and maps of salts NaCl and KCl at ∼ 351 GHz (not shown here) confirm that the emission appears symmetrical and confined to within a few arcseconds around the star, but some of
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Dust formation zone in IRC+10216 SiCC NaCl, AlF (1991) di †erent mass-loss rates, which causes an abrupt temperature discontinuity at the boundary between the shells. In particular, these authors suggest the existence of a very hot inner region of temperature greater than 500 K extending out to a radius of 1016 cm. Their model was motivated [14] ) shows the kinetic temperature as a function of radial distance from the star. The radial distribution of various molecules as suggested from SMA results, are shown with colored arrows. Right: Expansion velocity (v exp ) versus E u derived from measured line profiles of SiCC in the 345 GHz and 400 GHz bands. For E u < 400 K, v exp is comparable to the terminal velocity of 14.5 km s −1 , but v exp decreases at higher E u approaching 5 km s −1 (the velocity in the dust condensation region) for E u = 700 − 800 K. the gas reaches the terminal velocity. AlF and AlCl (near 296 GHz) show two spatial components -a spatially unresolved, and a very compact shell just barely resolved with our 3 beam.
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